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Problem Motivation
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Stereographic projection of MROôs CTX coverage during first 64 orbits (red) vs. 64,000 orbits (yellow)

Å Instruments can easily gather more data than can be returned to Earth using the Deep Space 

Network (DSN).

Å Outer planets more susceptible to this problem since link distance to Earth is greater.

Image courtesy of Ingrid Daubar
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The Data Mule Concept
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Stereographic projection of MROôs CTX coverage during first 64 orbits (red) vs. 64,000 orbits (yellow)

ÅA possible solution is to 

establish a network of 

spacecraft that flyby a planet 

and Earth repeatedly.

ÅConcept leverages:

Å Cycler orbits.

Å Mass on-board storage.

Å High speed cross-links using 

optical comms.

Å Latency-insensitive data 

products.

Same concept applies to Jupiter

Cycler Orbits and the Solar System Pony Express. IEEE Aerospace 2020 
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Scope of the Study
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Stereographic projection of MROôs CTX coverage during first 64 orbits (red) vs. 64,000 orbits (yellow)

In Scope Not In Scope

Å Partially addressed:

Å On-board memory required 

Å Not addressed:

Å Num. cyclers and launch strategy

Å Cycler propulsion system

Å Data latency and transit times

Å Limits on maximum data volume 

returnable

Å Mars vs. Jupiter 

Å Phasing of one spacecraft to maximize 

data volume return.

Å Comm. technology needs to implement 

system.

Question: If we collect enough data, is it worth ferrying it physically across the 

solar system instead of transmitting it?
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Concept of Operations
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Stereographic projection of MROôs CTX coverage during first 64 orbits (red) vs. 64,000 orbits (yellow)

Cycler orbit

Data mule

Observer

Direct-to-Earth (DTE) 

Link with DSN

ÅSame CONOPs applies to Jupiter case

ÅCONOPs assumes 1 data mule instead 

of a network
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Concept of Operations

3/1/2022 7

Stereographic projection of MROôs CTX coverage during first 64 orbits (red) vs. 64,000 orbits (yellow)

Cycler orbit

Data mule

Observer

Direct-to-Earth (DTE) 

Link with DSN not active

Optical high-rate 

crosslink

ÅSame CONOPs applies to Jupiter case

ÅCONOPs assumes 1 data mule instead 

of a network



jpl.nasa.gov

Concept of Operations
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Stereographic projection of MROôs CTX coverage during first 64 orbits (red) vs. 64,000 orbits (yellow)

Cycler orbit

Data mule

Observer

Direct-to-Earth (DTE) 

Link with DSN not active

Optical high-rate 

crosslink

ÅSame CONOPs applies to Jupiter case

ÅCONOPs assumes 1 data mule instead 

of a network
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Concept of Operations
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Stereographic projection of MROôs CTX coverage during first 64 orbits (red) vs. 64,000 orbits (yellow)Cycler orbit

Data mule

Observer

Direct-to-Earth (DTE) 

Link with DSN

ÅSame CONOPs applies to Jupiter case

ÅCONOPs assumes 1 data mule instead 

of a network
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Stereographic projection of MROôs CTX coverage during first 64 orbits (red) vs. 64,000 orbits (yellow)Cycler orbit

Data mule

Observer

Direct-to-Earth (DTE) 

Link with DSN

Deep space downlink 

with DSN

ÅSame CONOPs applies to Jupiter case

ÅCONOPs assumes 1 data mule instead 

of a network
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Concept of Operations
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Stereographic projection of MROôs CTX coverage during first 64 orbits (red) vs. 64,000 orbits (yellow)

Cycler orbit

Data mule

Observer

Direct-to-Earth (DTE) 

Link with DSN

Deep space downlink 

with DSN

ÅSame CONOPs applies to Jupiter case

ÅCONOPs assumes 1 data mule instead 

of a network
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Analysis Assumptions
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Å Data mule concept adds value if the total amount of data that can be returned to Earth 

exceeds what could be returned using normal DSN operations.

Normal DSN operations

(optimistic)
DSN+Data Mule operations

(pessimistic)

Å Spacecraft downlinks data to the DSN using 

Ka-band link.

Å Supportable DTE data rate is only limited by 

power and available bandwidth.

Å We assume perfect adaptive data rate 

mechanism over the DTE link.

Å DTE link operates 24/7.

Å Spacecraft downlinks data to the DSN using 

Ka-band link whenever the data mule cross 

link is not active.

Å The DTE link is subject to same constrains as 

ñnormal DSN opsò.

Å Optical cross-link operates only for 1 day 

around the flybyôs apoapsis.
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Analysis Figure of Merit
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Å Data mule concept adds value if ‍ ρ, where

‍
$ÁÔÁÖÏÌÕÍÅ$3.ÏÐÓ

$ÁÔÁÖÏÌÕÍÅ$3.$-ÏÐÓ

᷿ὅ ὸὨὸ

᷿ ὅ ὸὨὸ᷿ ὅ ὸὨὸ᷿ὅ ὸὨὸ

Å The supportable data rate in the DTE links is obtained from the Shannon Capacity equation:

ὅ ὸ 7ÌÏÇρ
ὖὸ

ὔὡ

Å The supportable data rate in the optical crosslink is obtained from the capacity of an optical 

channel subject to a mean number of received photons, max. bandwidth and no noise.

ὅ ὸ
ρ ὲ ὸ ÌÏÇρ ὲ ὸ ὲÌÏÇὲ ὸ

Ὕ

W = bandwidth

ὖ= Received power

ὔ = Noise density

ὔ = Photons per symbol

Ὕ = Symbol duration
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Supportable DTE Data Rate
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